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[bookmark: _Ref413203676]Introduction
At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1].
[bookmark: _GoBack]CRs to 3GPP TS 45.008 introducing EC-EGPRS have been presented [3][4]. One aspect that is covered in 45.008 is received signal level measurements. The purpose of this discussion paper is to clarify some aspects related to this and also show some simulations relating to estimating the received signal strength.
Changes to GERAN#69 are shown in red.
Received signal level measurements
A procedure for received signal level measurements has been proposed in subclause 6.9 of [3]. This procedure is proposed to be used for the following purposes:
· Cell selection
· Cell reselection
· Uplink coverage class selection
· Deriving the C value in packet idle mode
The following has been considered when determining the measurement procedure
· In extended coverage, the received signal level of the carrier on which measurements are performed may very well be below the noise floor. A straightforward received signal level measurement would measure the noise energy in addition to the wanted signal level and therefore give an overestimation of the wanted signal level. It is hence proposed that (from 3GPP TS 45.008 CR) “The estimated received signal level shall exclude contributions from other sources such as interference and noise.”
· In legacy GSM, MS may measure the signal level of a BCCH carrier on any burst. This has the advantage that measurements can be made frequently and without considering the frame structure of the carrier. As a consequence, a constant (or close to constant) power has to be used on all bursts of the BCCH carrier. There are also disadvantages with this approach, including increased interference levels and increased power consumption. For EC-EGPRS, the focus is on stationary devices or devices with low mobility, for which the frequent measurements of legacy CS services are not needed. Therefore, it is proposed to mandate that measurements be made on FCCH and EC-SCH bursts only.
· In legacy GSM, signal level measurements are frequent while identification of the measured carrier (BSIC decoding) is infrequent and independent of the measurements. This sometimes results in so called BSIC confusion, meaning that a measured signal level is ascribed a BCCH carrier for which the BSIC has previously been decoded, whereas the signal in fact comes from a different BCCH carrier. A consequence of this is that incorrect handover/cell reselection decisions are made. For EC-EGPRS it is proposed that a measurement of carrier signal level is valid only if the carrier has been identified (i.e., the BSIC has been read in a decoded EC-SCH burst) during the measurement. This is especially important if a tight BCCH frequency reuse is used.
· The advantages of the proposed procedure are as follows:
· Accurate measurements of the wanted signal level can be made even in extended coverage, as discussed above.
· Reduced risk that the received signal level of a different BCCH carrier than intended is measured.
· Reduced BTS power consumption and interference are enabled by allowing more power reduction on other bursts of the BCCH carrier. The possibility for this will increase as the penetration of EC-EGPRS devices increases.
[bookmark: _Ref441453403]SINR estimation
As discussed above, measuring the wanted signal level rather than the total signal level will be advantageous at low signal-to-noise ratios. However, in presence of interference, the link performance can be very different at a given wanted signal level, depending on the level of interference. This may have to be taken into account especially in tight reuse scenarios where interference levels can be expected to be high. Therefore, it should be considered to take the SINR (signal-to-noise-and-interference ratio) into account in e.g. cell re-selection and coverage class selection.
A straightforward way to estimate the SINR is to measure the wanted signal level W (as discussed above) and the total signal level T and calculate the SINR as

SINR estimation accuracy is investigated in section 4.3.
Simulations
[bookmark: _Ref440986493]Assumptions
Simulation assumptions are shown in Table 1.
[bookmark: _Ref439961230]Table 1: Simulation assumptions
	Parameter
	Value

	Propagation channel
	TU1.2

	Frequency hopping
	No

	Interference/noise
	CCI (non-repeated), 
N0

	Wanted signal level estimation
	Correlation based

	Logical channel used for signal estimation
	EC-SCH



[bookmark: _Ref441453060]Estimation of wanted signal level
In [5] it has been shown that FCCH bursts can be utilized to more accurately measure the signal level of the wanted signal excluding noise contributions. The reason for this is that the PSD of the FCCH burst is concentrated in a narrow frequency range, in which the power is above the noise floor even if the average power is not. 
In addition, EC-SCH bursts, that are repeated seven times per 51-multiframe, can be utilized to measure the wanted signal level, which has been the focus of this investigation.
The estimator used is correlator based, which anyways is expected to be used in order to estimate the phase offset between two repeated synchronization bursts.
The estimator correlates each pair of repeated bursts within a 51 multiframe. Considering that the EC-SCH is repeated seven instances per 51 multiframe, there are six pairs of correlated bursts that can be used to estimate the wanted signal level.



It is of course not required to use all six pairs of repeated synchronization bursts, but will, in case of extended coverage, improve the signal level estimation, compared to using a lower number of correlation pairs. The level of processing gains achievable will be dependent on the noise/interference correlation.
The RMSE of the signal level estimation is shown in Figure 1.
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[bookmark: _Ref439962950][bookmark: _Ref439962939]Figure 1: RMSE [dB] of signal level estimation per sample
As can be seen, the RMSE can be kept lower than 2 dB in the interesting region (down to -6.3 dB in SNR, which defines the 20 dB coverage extension limit). It can also be seen that using correlation over multiple pairs improves the wanted signal level estimation between 1-4 dB in the SNR region investigated.
In addition to a single signal level detection, a signal level estimation in legacy GSM should contain at least five independent samples spread over a large enough time span (5 seconds) to more or less ensure independent propagation channels in order to minimize the impact of the small scale fading. This principle should also be kept for EC-EGPRS. Even if devices are expected, to a large extent, to be stationary, there will in many cases still be a time variation of the channel. The RMSE has thus been investigated when averaging the signal level estimation over a different number of independent channel propagation realizations. In legacy GSM the requirement is to at least average over five samples using “unweighted averages of the received signal levels measured in dBm”. In Figure 2 the RMSE from the true long term SINR is shown using either unweighted averaging in dBm or using linear averaging, in both cases different number of samples for averaging is investigated.
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[bookmark: _Ref439963872]Figure 2: RMSE [dB] in signal level estimation over different number of samples. Sensitivity
It can be seen that the linear averaging outperforms averaging in dBm, and also that there is a clear trade-off in number of samples used for averaging and the resulting RMSE.
It can be seen that the RMSE is reduced at lower SNR regions. This effect is mainly due to the fact that the spread of the Rayleigh distribution is lowered since the correlator based wanted signal level estimator is limited in its estimation at low SNRs. Hence, the spread of the different samples that are averaged will effectively be smaller, and the average value more accurate. This effect disappears if going further to even lower SNR regions since it becomes difficult to even estimate the wanted signal level in a large number of the realizations, not only in fading dips.
The same simulations have also been investigated in CCI limited scenario with a similar resulting trend, see Figure 3.
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[bookmark: _Ref440035116]Figure 3: RMSE [dB] in signal level estimation over different number of samples. CCI.
If the current requirement of 5 sample averaging is kept it can be seen that a RMSE of less than 2 dB can be achieved. It can be noted that the model used in system simulations by the sourcing company has in most cases involved an error source for cell selection and coverage class estimation using N(0,4). Based on these results, this model seems pessimistic, and hence N(0,2), or an even more accurate model is more appropriate.
[bookmark: _Ref441452055]Estimation of SINR
In this section, the accuracy of SINR estimation is investigated.
The following approach has been used:
· Wanted signal level is estimated on EC-SCH and averaged over multiple (e.g. 5) samples spread out in time, as described in section 4.2.
· The total signal level is also (simultaneously) calculated on EC-SCH, and averaged over time in the same way.
· The SINR is estimated as described in section 3.
The mean of the SINR estimation, with 5 sample averaging in a sensitivity limited scenario, is shown in Figure 4. It can be seen that the SINR estimation follows the true SINR in the range -10 dB < True average SINR < 30 dB. Above and below that range there is an increasing bias until the estimator saturates.
[image: ]
[bookmark: _Ref441453601]Figure 4: Mean SINR estimation versus average SINR. Sensitivity.
A closer look at the accuracy in this SINR range can be seen in Figure 5 where the mean and standard deviation of the SINR estimation error is shown. The standard deviation is below 2 dB.  
[bookmark: _Ref441454047][image: ]
[bookmark: _Ref442138485]Figure 5: Mean and standard deviation of SINR estimation error versus average SINR. Sensitivity.
Performance in interference limited scenarios is for further study.
Simulator model for wanted signal level and SINR estimation error
According to the currently proposed procedure for wanted signal level estimation in the EC-EGPRS MS (for purposes of e.g. cell re-selection and CC selection), the MS measures the wanted received signal level on the FCCH and/or EC-SCH. To average out fast fading, the MS should take several (e.g. 5) measurement samples spread out in time (e.g. over 5 s). Further, SINR estimation is discussed above as an alternative or complement to signal level estimation.
When studying EC-EGPRS performance in tight reuse networks, WA9.2 of [7] states that “Cell reselection shall be based on realistic models of neighbor cell measurements in idle mode [...]”. Therefore, when modeling cell re-selection in system simulations for tight reuse networks, the measurement procedure of the MS should be accurately modelled. Since fast fading is typically modelled in the system simulator, the averaging across multiple samples spaced in time can be directly implemented. However, for the first step of taking measurement samples on the EC-SCH, the measurement inaccuracy needs to be taken into account in order not to overestimate the performance of cell re-selection. Unless the system simulator models the signals on I/Q sample level, a statistical measurement inaccuracy model is needed.
The proposed model is as follows:
1. For each measurement sample taken on one instance of the EC-SCH (up to 7 EC-SCH bursts)
a. Calculate the true wanted signal level  and true SINR
b. Add a random measurement error to the true wanted signal level, with a distribution depending on the true SINR
2. Average (e.g.) 5 measurement samples over time (e.g. 5 s).
To derive a statistical distribution for the measurement inaccuracy in 1b, link simulations have been run. For each measurement (done as described in section 4.2 above), the true SINR and the estimated wanted signal level are logged. From this, the error distribution at each given instantaneous true wanted signal level is derived.
The simulation assumptions are the same as in section 4.1.
Noise-limited case
Distributions (PDFs) of the wanted signal level estimation error are shown in Figure 6 for different true SINRs (-15 dB, -5 dB and 0 dB) and different number of EC-SCH burst pairs used for signal level estimation (1 and 6). For comparison, a normal distribution with the same mean and standard deviation as the estimation error is shown.
[image: ][image: ]
[image: ][image: ]
[image: ][image: ]
[bookmark: _Ref440984570]Figure 6: PDF of wanted signal level estimation error. True SNR is  -15 dB (top), -5 dB (middle) and 0 dB (bottom), respectively. Either 1 correlation pair (left) or 6 correlation pairs (right) have been used.
It can be seen that the estimation error is reasonably accurately modelled by a normal distribution.
The mean and standard deviation of the wanted signal level estimation error is shown in Figure 7.
[image: ]
[bookmark: _Ref440988824]Figure 7: Mean and standard deviation of estimation error versus true SINR. Noise-limited case.
For SINR estimation, the SINR is calculated from wanted signal level and total signal level (see section 3). The total signal level estimation can be assumed to be error-free.
Interference-limited case
The wanted signal level estimation error was found to be approximately normal distributed also in the interference limited case (not shown here). The mean and standard deviation of the wanted signal level estimation error is shown in Figure 8.
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[bookmark: _Ref442138094]Figure 8: Mean and standard deviation of estimation error versus true SINR. Interference-limited case.
Discussion and conclusions
General principles of signal level estimation for EC-EGPRS have been outlined. The use of SINR as an alternative or complement to wanted signal level has been proposed to cope with cell e.g. re-selection and coverage class selection in interference limited situations. These principles have also been used when performing simulations, estimating the wanted signal level and SINR accuracy achievable over the EC-SCH repetitions. 
As already earlier evaluated, see [5], the FCCH is a natural channel to be used for signal level estimation considering its high PSD characteristics in extended coverage. This should help in refining the estimation results presented in this paper. 
Further refinement can be realized using the EC-CCCH DL where at minimum signals are repeated at least twice (CC1). However, since BCCH power savings is expected to be an important feature to be able to support a tighter frequency re-use for EC-EGPRS, care should be taken on using EC-CCCH for DL signal estimation.  
A signal level estimation with an RMSE accuracy of lower than 2 dB was observed if averaging over 5 signal level samples, performing the averaging in the linear domain. Similar accuracy was observed for SINR estimation in the range -10 dB < Average SINR < 30 dB.
Further improvement could involve:
· Simultaneous signal level estimation from FCCH+ EC-SCH
· Signal level estimation compensation to reduce bias. Currently only a straightforward correlator has been investigated.
Finally, a system simulator model for wanted signal level and SINR estimation errors has been outlined, which is intended to be used by the sourcing company performing system level simulations together with an MS model for idle mode measurements following the assumptions in [6].
Considering the additional investigated SINR based estimator, this could be seen as a complement or replacement of a signal based estimator. Evaluations on the different metrics are however needed to conclude on a way forward.
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